Key Features for Fern Identification                                                                                                                                                             with                                                                                                                                                                                          Paul Wolf, Professor, Utah State University
This episode of All Things Wetland Plants is the second part of an interview with Paul Wolf. In the last episode, he discussed the natural history of ferns, including evolution, distribution, phylogeny, and lifecycle. This video focuses on five groups of morphological features used to identify ferns. 
Growth form
Fern growth form refers to leaf structure and arrangement (Figure 1). The growth form of some terrestrial ferns is clumped, consisting of many fronds that emanate from a single rhizome and form a rosette-like pattern. Others have a creeping or scattered form, with each frond connected to a long linear or branching rhizome. Epiphytic ferns grow on top of other plants. Aquatic ferns are either free floating or have roots that anchor them in standing water. Many do not look like ferns, but close examination reveals true leaves that develop from a coiled fiddlehead. 
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[bookmark: _GoBack]Figure 1. Some fern growth forms:  1) clumped (Polystichum munitum), 2) creeping or scattered, (Diplazium subsinuatum), 3) epiphytic (Polypodium glycyrrhiza), and 4) aquatic, (Salvinia molesta).
Vascular Tissue
Xylem and phloem, which conduct water and carbohydrates, are grouped in bundles running through the stem and into the leaf. Vascular bundles have a stringy appearance when peeled, like those in celery. The number and shape (e.g. smiley face) of these bundles in a stem cross-section (Figure 2) is an 
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important characteristic for distinguishing among groups of fern families or genera. These features are best seen in a cross-section cut from the base of the frond. 
Leaf Shape
In ferns, leaf shape is categorized based on dissection, the number of times the frond divides (Figure 2). 
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Figure 3. Examples of leaf division in ferns.
Fronds may be entire or divided into pinnae. Dissection may be a good indicator of a group of genera. Sometimes dissection is a strong characteristic of a particular genus, but not always. This character is most useful in small scale, local keys. 
Hairs and Scales 
The shape and color of hairs (Figure 4.1), papery scales (Figures 2 and 4.2), may be useful for identifying some groups of ferns. In the bracken ferns (Pteridium spp.), the type of hair and its shape are diagnostic.
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Figure 4. Examples: 1) hairs on the under-side of a Pteridium spp. frond, and 2) papery scales on a coiled Cyathea spp. fiddlehead.
These features may be located on stems or leaves. Likewise, spines on the leaf margins (Figure 6.1)  are characteristic of some genera, such as Polystichum spp.
Reproductive structures
Monomorphic ferns have one type of leaf, with reproductive structures on the back.  In dimorphic ferns the reproductive structures are located on specialized, fertile leaves. The remaining leaves are sterile. The fertile and sterile fronds may be very different in appearance or they may be fairly similar (Figure 5).
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Figure 5. On sterile and fertile fronds on dimorphic ferns may be 1) quite different in appearance, as in cinnamon fern (Osmundastrum cinnamomeum), or 2) fairly similar as in centipede fern (Blechnum orientale). 
Reproductive structures include spores, sporangia, sori, and indusia. Spores are produced in sporangia, which are usually grouped in clumps, called sori. The shape and location of sori and sporangia are diagnostic. For example, sori may occur throughout the underside of the leaf. They may also be round and arranged in clusters (Figure 6.1). Others are kidney-shaped. Linear sori may arranged in one (Figure 5.2) or several rows. The number of rows is an important feature. Sporangia may be marginal, located on leaf edges (Figure 4.1), or borne on the underside of the leaf that curls over the margin (Figure 6.2). In some genera, sori are covered by an indusium, a flap of protective tissue that shrivels up as it dries 
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Figure 6. Examples of sporangia, sori, and indusia, in sword fern (Polystichum munitum) and 2) maiden-hair fern (Adiantum spp). 
(Figure 6.1). A large fern, such as sword fern, produces millions of spores that are wind dispersed.  Endemism rates are low in ferns when compared to flowering plants because the jet stream disperses fern spores between continents, creating unusual hybrids and worldwide distributions for most genera. 
Identifying ferns for delineation purposes
Some fern species are habitat specialists restricted to specific environmental conditions, such as moist conditions near waterfalls or hot, dry deserts. Others are habitat generalists found in a wide range of habitats. For example, a long, creeping, growth form enables an individual bracken fern (Pteridium spp.) to grow in shade and full sun. This species also thrives in disturbed situations, such as clear-cuts (Figure 7). Likewise, Salvinia spp. is an aquatic fern that is considered a noxious weed in southeastern U.S., invading aquatic systems and clogging dams. 
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Figure 7.1) On this hillside powerline where woody plants are regularly cut and treated with herbicide bracken fern (Pteridium aquilinum), hay scented fern (Dennstaedtia punctilobula), interrupted fern (Osmunda claytonia), and sensitive fern (Onoclea sensibilis) are common, 2) Salivina molesta invades aquatic systems, choking out native plants. 
Dichotomous keys use the previously discussed features to help field botanists identify ferns in a specific geographic area. Keys to large geographic areas begin with a key to families that uses features representative of evolutionary relationships (i.e. number and shape of vascular bundles) to distinguish among the fern families. Keys to genera and species use features that may or may not indicate evolutionary relationships among taxa. These include growth form, leaf shape, hairs, scales, and reproductive structures, such as sori, indusia, and dimorphic fronds. Use a local flora for delineation purposes because the features that distinguish among the ferns in your locality are different from the features used to distinguish among the 12,000 — 15,000 species of ferns worldwide.
If you have questions about ferns, email us at nwpl@usace.army.mil
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